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[54] Name of Invention: Propylene Ammonia Oxidizing Catalyst 
[57] Summary 

This invention involves a fluidized bed catalyst for propylene ammonia oxidation and contains a 
combination of silicon dioxide carriers and a chemical formula as follows: 

A a B b C c Naj Sr c Fe f (Bi,. g Ce g ) h Mo 12 O x $ 

In the formula, A is one or multiple elements selected from lithium, potassium, rubidium, and 
cesium; B is at least one element selected from magnesium and zinc; C is one or multiple elements selected 
from nickel, cobalt, manganese, chromium, antimony, phosphorus, boron, tungsten, and vanadium. 
Characteristics of this catalyst include the ability to adapt to operations under conditions of high pressure 
and high load, as well as having high acrylonitrile catch rate. It can be used in industrial manufacturing. 
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1 . A propylene ammonia oxidizing catalyst contains a combination of silicon dioxide carriers and a 
chemical formula as follows: 

A a B b C c Naj Sr c Fe f (Bi H Ce^ Mo, 2 O x 

In the formula: 

A is at least one element selected from lithium, potassium, rubidium, and cesium; 
B is at least one element selected from magnesium and zinc; 
C is one or multiple elements selected from nickel, cobalt, manganese, chromium, 
antimony, phosphorus, boron, tungsten, and vanadium. 

a, b, c, d 9 e, and/are a ratio of A, B, C, sodium, strontium, and 12 molybdenum atoms; g 
is a ratio between the cerium atoms and the sum of and bismuth and cerium atoms; h is a 
ratio between the sum of bismuth and cerium atoms and the 12 molybdenum atoms; 

Of these: 

a has a value of 0.001 - 0.7; 
b has a value of 0-3; 
c has a value of 0. 1 ~ 10; 

d has a value of 0. 1 ~ 0.7, conditional on the sum of the value of a and the value of d 

being between 0.1 ~ 1.0; 

e and / both have values of 0.01 ~ 4; 

g has a value of 0.3 - 0.8; 

h has a value of 0.5 ~ 2; 

x has a value of the total sum needed to satisfy the other elements' chemical valence 
requirement for oxygen atoms; 

The silicon dioxide carrier content in the catalyst has a weight percentage of 30 ~ 70%. 

2. According to the propylene ammonia oxidizing catalyst listed in Right Claim 1, its special 
characteristic is that the sum of the values of a and d is 0.2 ~ 0.7. 

3. According to the propylene ammonia oxidizing catalyst listed in Right Claim 1 , its special 
characteristic is that the values of e and/ are 0.01 ~ 2.5 and 0.5 ~ 3 respectively. 

4. According to the propylene ammonia oxidizing catalyst listed in Right Claim 1 , its special 
characteristic is that the value of h is 0.7 ~ 2. 

5. According to the propylene ammonia oxidizing catalyst listed in Right Claim 1, its special 
characteristic is that the weight percentage of the silicon dioxide carrier content in the catalyst is 
40 ~ 60%. 



Explanation 



Propylene Ammonia Oxidizing Catalyst 



This invention involves a fluidized bed catalyst for propylene ammonia oxidation, regarding in 
particular the propylene ammonia oxidizing acrylonitrile fluidized bed catalyst containing strontium and 
cerium. 

Acrylonitrile is an important organic raw material of the chemical industry that is produced 
through a propylene ammonia oxidation reaction. In order to obtain a highly active and highly selective 
fluidized bed catalyst, a series of advances have been made through continuous exploration. For the most 
part, these advances involve the catalytic activity portion and emphasize the components of catalytic 
activity so as to increase the activity and selectivity of the catalyst, thereby raising the single pass catch rate 
of the acrylonitrile and increasing the production load. 

That acrylonitrile catalysts can be used under conditions of high propylene load and high reaction 
pressure while achieving a high level of reaction capability in acrylonitrile production devices is the 
objective that has always been pursued in industrial production of acrylonitrile. Conditions of high load and 
high reaction pressure can raise acrylonitrile yield and the processing capability of the reactor. Catalysts 
that withstand high loads can reduce catalyst load weight and extend the capability of the reactor in 
production devices of a certain scale. In this way, factories can appropriately raise production capability in 
accordance with the needs of the market. Catalysts that withstand high pressure can also satisfy 
environmental requirements that are increasing daily. The absorption tower inputs air waste at a dependable 
tower top pressure directly into the furnace for combustion and thereby reduces the air pollution rendered 
when direct air input is not done. 

High load and high pressure are an indication of increased concentration of propylene, ammonia, 
and oxygen reactants in the reaction air. It requires that the catalyst have the capability to handle even more 
reactants during the unit time, and the reactive capability of the acrylonitrile catalyst under conditions of 
high load and high pressure therefore actually reflects the level of activity and selectivity of the catalyst. 
jThis has put forward even higher requirements for the catalyst's own synthesis. 



A propylene ammonia oxidation for the manufacture of acrylonitrile was introduced in Document 
US4228098. The catalyst used in this industry uses molybdenum — bismuth — iron — sodium — phosphorus 
as the principal active components. The chromium element is not a component of its catalyst, and when 
bismuth and iron are emphasized in the catalyst at a certain proportional relationship, the catalyst has the 
capability to develop into a better composite. The published catalyst testing conditions in this technology 
are catalyst propylene load (WWH) of 0.050 hours" 1 in the fluid bed reactor, reaction pressure of 0.05 MPa, 
and acrylonitrile maximum unit catch of 80.9%. The catalyst test data under conditions of high load and 
high reaction pressure have not been published, but it can be seen from the data that was published that, in 
an unchanged circumstances and under all other reaction conditions, the acrylonitrile unit catch when the 
reaction pressure is 0.05 MPa is 5% lower than the test data under ordinary pressure. The following 
shortcomings exist in this document: On the one hand, it lacks data under conditions of high propylene load 
and high reaction pressure, so the production capability for this type of device is relatively low; on the other 
hand, the single pass catch rate for acrylonitrile is also low. Documents JP 7-289901 and JP 7-328441 have 
introduced a Mo-Bi-Ce-Fe-Co system acrylonitrile fluidized bed catalyst and a Mo-Bi-Ce-Fe-Ni system 
acrylonitrile fluidized bed catalyst, respectively. The corresponding relationship between the bismuth and 
cerium element components has been stipulated in these two documents, and it is believed that use of this 
ammonia oxidized catalyst combination not only can capture a high acrylonitrile production rate, it can 
effectively prevent reduced production rate of acrylonitrile as well even though there is an extended 
reaction time for this production process. The catalyst test conditions published in this document are a 
catalyst load of 1000 ~ 2000 grams in the fluidized bed reactor, reaction pressure of 0.5 kg/cm 2 , reaction 
temperature of 430 ~ 440*C, and contact time of 5 - 7 seconds. Calculations show that the catalyst 
propylene load (WWH) is - 0.050 hours" 1 with a maximum acrylonitrile unit catch of 82.0% in this time, 




but neither document published catalyst test data under conditions of high propylene load and high reaction 
pressure. For this reason, it is very difficult to explain the operating capability of this catalyst under 
conditions of high pressure and high load. Document JP 7-303836 has introduced a Mo-Bi-Ce-Fe-Zn 
system acrylonitrile catalyst. The catalyst test conditions in this document are an internal diameter of 1 cm, 
reaction pressure of 0.5 kg/cm 2 , reaction temperature of 430°C, catalyst load of 60 grams in the reactor, and 
contact time of 6.0 seconds. Calculations show that the propylene load (WWH) is 0.042 hours" 1 with a 
maximum acrylonitrile catch rate of 80.0% in this time. This document likewise does not touch on data for 
high pressure and high load operating conditions, and it is therefore also very difficult to explain the 
operating capability of this catalyst under conditions of high pressure and high load. 

It is the objective of this invention to overcome the shortcomings in the documents cited above 
regarding catalysts not involving high pressure and high load operations and to provide a new propylene 
ammonia oxidizing fluidized bed catalyst. This catalyst is suited to operation under high reaction pressure 
and high load and can also maintain a high acrylonitrile single pass catch rate. 

The objective of this invention was brought about through the following technological schemes: A 
propylene ammonia oxidizing catalyst containing silicon dioxide carriers and a chemical formula as follows: 

A a B b C c Naj Sr c Fe f (Bij. g Ce g )h Mo, 2 O x 

In the formula: 

A is one or multiple elements selected from lithium, potassium, rubidium, and cesium; 
B is at least one element selected from magnesium and zinc; 
C is one or multiple elements selected from nickel, cobalt, manganese, chromium, 
antimony, phosphorus, boron, tungsten, and vanadium. 

a, b, c, d, e, and f are a ratio of A, B, C, sodium, strontium, and 12 molybdenum atoms; g 
is a ratio of cerium atoms and a sum of bismuth and cerium atoms; h is a ratio of a sum of 
bismuth and cerium atoms and the 12 molybdenum atoms; 

Of these: 

a has a value of 0.00 1 ~ 0.7; 
b has a value of 0 ~ 3; 
c has a value of 0. 1 - 10; 

d has a value of 0.1 ~ 0.7, conditional on the sum of the value of a and the value of d 

being between 0.1 ~ 1.0; 

e and /both have values of 0.01 ~ 4; 

g has a value of 0.3 ~ 0.8; 

h has a value of 0.5 ~ 2; 

x has a value of the total sum needed to satisfy the other elements' requirement for 
oxygen atoms; 

The silicon dioxide carrier content in the catalyst has a weight percentage of 30 - 70%. 

In the technological scheme above, the preferential range for the sum of the values of a and d is 
0.2 ~ 0.7; the preferential range for the values of e and / are 0.01 ~ 2.5 and 0.5 - 3, respectively; the 
preferential range for the value of h is 0.7 ~ 2; the preferential weight proportion range of the silicon 
dioxide carrier content in the catalyst is 40 ~ 60%. 

In this invention, the use of cerium in place of a portion of the bismuth can increase the product 
catch rate and catalyst stability. Use of the strongly alkaline earth metal strontium in place of a portion of 
the alkali metals, in particular potassium or other alkaline earth metals, can on the one hand further 
strengthen the activity of the catalyst while at the same time helping to lower excessive carbon dioxide in 
production. Use of the elements magnesium or zinc can enable more even distribution of the destination 



product following the catalytic reaction — i.e., the resulting amount of carbon monoxide and carbon dioxide 
are effectively reduced. The coordinating effects of each of the catalyst components have rendered the 
catalyst good capability, enabling it to operate under conditions of reaction pressure of 0.14 MPa, reaction 
temperature of 440 Q C, and propylene load (WWH) of 0.085 hours" 1 . Moreover, the single pass catch rate for 
its destination product of acrylonitrile can still achieve a maximum of 79.5% which is suitable for 
operations under conditions of high pressure and high load. Excellent results have been achieved. 

The manufacturing method of the catalyst in this invention can be carried out in accordance with 
regular practices. First, each of the catalyst's components are mixed with the carrier and water into a pulp 
followed by molding it into micro granules by spray drying. Finally, it is baked to create the catalyst. An 
aqueous solution of each of the components of the pulp compound and the carrier is made in accordance 
with the method outlined in China Patent 87103455.7 (CN1005248B). 

The raw materials used for each of the catalyses components in this invention are as follows: 

It is best to use its nitrate, hydroxide, or decomposable salt oxide for the elements in types A and 

B. 



It is best to use the corresponding acid or its ammonium salt for the phosphorus, boron, tungsten, 
and vanadium element components in type C. Halides and antimony solutions of diantimony trioxide, 
diantimony pentoxide, and hydrolytically created antimony oxide can be used for the antimony. Its oxide or 
salt decomposed into an oxide can be used for the rest. It is best if the salt used is a water soluble nitrate. 

It is best to use chromium trioxide (hexavalence chromium), chromium nitrate or a secondary 

mixture. 

Sodium nitrate, sodium hydroxide, sodium silicate, or any other decomposable sodium compound 
can be used for the sodium component. 

The element's oxide salt or decomposed oxide salt can be used for the iron, bismuth, cerium, and 
strontium components. It is best if the salt used is a water soluble nitrate. 

Molybdenum oxide or neodymium molybdate can be used for the molybdenum component. 

The catalyst activity testing for this invention is carried out in a fluidized bed reactor with an 
internal diameter of 38 mm. The catalyst load capacity is 400 g, reaction temperap^-ts-440 J1 Cri : eaction 
pressure is 0. 14 MPa, raw material distribution proportion (mole) is ammonia: ai(= 1 : 1.2: 9.8, an^jthe 
catalyst propylene load (WWH) is 0.085 hours" 1 . ^ « * 

The definitions of propylene transformation rate, acrylonitrile selectivity, and single pass catcrT 
rate in this invention are as follows: 

Propylene Mole Number of Reaction 
Propylene Transformation Rate (%) = x 100 



Propylene Feed Mole Number 



Mole Number of Acrylonitrile Produced 
Acrylonitrile Selectivity (%) = x 100 

Propylene Mole Number of Reaction 



Single Pass Catch Rate (%) = 



Mole Number of Acrylonitrile Produced 
x 100 



Propylene Feed Mole Number 



Further explanation of this invention is given through the following examples: 
[Example 1] 

Substance (A) results from mixing 1.8 g cesium nitrate, 2.4 g sodium nitrate, and 5.9 g strontium 
nitrate, adding 30 g water and dissolving over heat; substance (B) results from dissolving 8.4 g chromium 
trioxide in 8.4 g water; substance (C) results from dissolving 19.4 g ammonium tungstate in 100 ml 
aqueous ammonia of 5% concentration, dissolving 395.2 g neodymium molybdate in 325 g hot water at 50 
~ 90°C and combining the two solutions; material (D) results from mixing 40.7 g bismuth nitrate, 36.5 g 
cerium nitrate, 90.9 g magnesium nitrate, 282. 1 g nickel nitrate, and 135.7 g iron nitrate, adding 70 g water 
and dissolving over heat. 

Combine substance (A) and 1,250 g of 40% concentration silica sol, add substances (B), (C), and 
(D) under agitation, and completely agitate until it is a pulp. Spray dry the resulting pulp in accordance 
with regular methods to form micro granules. Finally, bake in a revolving baking oven with internal 
diameter of 89 mm and length of 1700 mm (<D 89 x 1700 mm) at 610°C for 1 hour. The composition of the 
catalyst made is: 50% Cso. 0 5 Mg l 9 Ni 5 2 Cr 0 . 45 W 0 . 45 Nao., 5 Sr 0 . l5 Fe, 8 Bi 045 Ceo.4 5 Mo, 2 O x + 50% Si 0 2 . 

[Examples 2 ~ 9 and Comparative Examples 1 - 3] 

Use the same basic method as in Example 1 to prepare a catalyst with the differing components 
listed below. Carry out propylene ammonia oxidation to produce acrylonitrile using the catalyst produced 
under the following reaction conditions. See Table 1 for results. 

The reaction conditions of the above examples and comparative examples are: 

O 38 mm fluidized bed reactor 

Reaction temperature 440°C 

Reaction pressure 0. 1 4 MPa 

Catalyst load capacity 400 g 

Catalyst propylene load (WWH) 0.085 hours* 1 

Raw material distribution proportion (mole) C 3 / NH 3 / air = 1 / 1.2 / 9.8 
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